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Abstract- Aim of this study was to in-vitro evaluate the
effectiveness of thefilter ed feedthru assembly used to filter out
the electromagnetic interference at the input stage of
implantable pace-makers. We used three modified pace-makers
of the same model, with an electrical connection to the output of
theinput sensing amplifier. The pace-makersdiffered for the
level of protection against electromagneticinterference. We used
a dual -band mobile phone. For each pace-maker theoutput of
the sensing amplifier was monitored in 4 status. 1) no
inhibition signal; 2) inhibition signal with amplitude 50%
greater than the sensing threshold; 3) inhibition signal

dightly lower than the sensing threshold; 4) inhibition
signal slightly greater than the sensing threshold. For each
pace-maker, evaluation has been performed in basal condition
(no radiated power), during ringing and during talking. We
found that the PMK with only the block capacitor shows
asynchronous pacing and inhibition, while the other two
PMKs do not interfere with the mobile phone, in any
stage and for any mobile status.

Keywords — Electromagnetic inter ference, pace-maker, GSM,
interaction mechanisms.

|. INTRODUCTION

Snce 1994, severd ressarches reported data concerning
the adverse ffects of dectromagnetic fidds radiaed from
mobile phones against implantable pace-makers (PMK) [1-5].

Thee dudies have evinced that celular phones may
induce pulse inhibition, noise reverson, fdse triggering,
sengtizing and desendtizing phenomena.

The mgority of these studies focused on the assessment
of a safety distance and on the systematic evaduation of PMK
modds in the make. Few dudies investigated the
mechanisms by which dectromagnetic fidds interact with
PMK.

Mogt implantable PMKs employ  dectromagnetic
interference filters located internaly on the hybrid circuit.
Although such filters rdect high frequency RF signds, they
dlow the passing of sgnds with a frequency range smilar of
that of atrid and ventricular depolarization (20-50 Hz).

The am of this study was to compare three solutions for
filtering the radiofrequency interference before it resches the
sensng amplifier. The first one uses a capacitor which short
circuits high frequency dgnds (5 nF); the second one uses a
ceramic  capacitor; the third one uses a filtered feedthru
assembly, conssing of an hermeticdly seded mechanism
used to connect the eectronics indde the PMK enclosure to
the outsde connection block and of a separate capacitive
filter. The comparison has been peformed by usng three
modified PMKs, each adopting one of the above mentioned
filtering solutions. The PMKs had been modified in order to
have an dectronic connection with the output of the sensng
amplifier. By comparing the output sgnas of the sensng

amplifier, we coud dso the interaction

mechanisms.

invetigate

Il. METHODOLOGY

We used three versons of the PMK MINIOR 100
(SORIN BIOMEDICA, Itdy): one with the block capacitor;
one with the ceramic capacitor and one with the filtered
feedthru assembly. The three PMKs had been properly
modified in order to have an dectricd connection to the
output of the sensing amplifier (figure 1).

Fig. 1. Modified PMK.

All PMKs were programmed with the same parameters,
shownintablel.

TABLEI
PMK PARA METERS

PMK MINIOR 100 - SORIN BIOMEDICA

PARAMETER VALUE
Stimolation mode 53]
Heart Rate 70 bpm
Hysteresis 0 bmp
Stimolation polarity Bipolar
Amplitude 50V
Duration 0.50 ms
Rilevation polarity Bipolar
Sensibility 0.6 mV
Refractory period 250 ms

In order to avoid any spurious interference carried on by
the extra dectrica connection, the PMKs were insarted into
an aduminum box. Indde the box, we dso put an
ingrumentation amplifier (INA118P, Burr-Braun, USA), for
conditioning the output signd. The output of the amplifier
was connected to a digitd acquistion sysem through BNC
connectors and shielded cables The PMK was insarted into
the duminum box so that only the dlicon connection head
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was exposed to the mobile phone radiation (figure 2). The
caheter tip was immersed into a 09% <dine solution
contained in a plexiglass box (figure 3). The inhibition sgnd
was ddivered through the sdine solution by cloride-siver
guare plates (2cmx2cm), avoiding any ohmic contact with
the catheter tip. Inhibition sgna (EN 50061, 1.6 Hz) was
provided by a sSgnd generator (Philips, PM 5139), and
acquired by the digitd acquistion sysem (DAQCard 1200,
Nationd  Instruments, sampling frequency 1000 Hz,
resolution 12 hit). A 1GHz digitd oscilloscope was dso used
to monitor both the inhibition sgna and the PMK output.
The complete experimentd setup isshown in figure 3.
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Fig. 2. Insertion of the PMK into the aluminum box.

The mobile phone used was the MOTOROLA V3688.
Mobile emitted power and communication protocols were
selected using a Rohde& Schwarz base gation (CDM 55M).
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Fig. 3. Experimental setup

For each PMK, the output of the sensng amplifier was
monitored in 4 PMK daus. 1) no inhibition sgnd; 2)

inhibition sgnad with amplitude 50% greeter than the sensng
threshold; 3) inhibition signd dightly lower than the sensing
threshold; 4) inhibition sgnd dightly greeter than the sensing
threshold. For each PMK datus, 3 Stuaions for the mobile
phone have been andyzed: basd condition (no radiated
power), ringing and taking (1 minute each, table |I).
Discontinuous Trasmission protocol has been deactivated

All the tests have been done usng 900 MHz GSM and
1800 MHz GSM, with the mobile power cdass st to the
maximum (2 Wett for 900 MHz, 1 Watt for 1800 MHz).

TABLEII
EXPERIMENTAL PROTOCOL
PROTOCOL
stage Inhibition signal amplitude Mobile status

Lofov . 1) Off
2 50% greater than the sensing threshold 2) Ringing
3 Slightly grester than the sensing threshold 3) Talking
4 Slightly lower than the sensing threshold

I1l. RESULTS

Tables Il and IV report the noise levels (expressed in
mv?, 0-500 Hz) obtained for the 3 PMKs a each of the 4
stages of the test, for 900 MHz and 1800 MHz, respectively.

TABLE I11. RESULTS: noise level (mV?, 0-500 Hz) at the output of the
sensing amplifier (900 MHz)

PMK Stage 900 MHz
type No. Basal Ringing Talking
.5 1 71.47 12200.00 11100.00
3% 2 82.23 99200.00 36200.00
°g 3 12378 | 2410000 | 4360000
4 97.77 26200.00 22800.00
1 18.89 19.00 18.70
°8 2 2151 25.30 26,07
§ § 3 106.00 1300.00 7500.00
O3 4 22.80 1500.00 5800.00
1 14.26 15.74 15.87
BEZ| 2 16.29 21.79 20.25
2% % 3 1520 1800 21.30
H= 4 13.99 16.09 17.31

TABLE IV. RESULTS: noise level (mV?, 0-500 Hz) at the output of the
sensing amplifier (1800 MHz)

PMK Stage 1800 MHz
type No. Basal Ringing Talking
B 1 73.37 157.02 382.25
3% 2 7745 153.09 21340
o & 3 101.27 250.99 360.77
4 50.21 141.86 565.15
1 18.68 1871 18.68
°8 2 179.13 191.16 18248
§ g 3 108.00 98.20 63.95
O3 4 18.40 18.46 2058
1 16,52 15.82 16.28
B23| 2 16.38 2091 17.93
2% @ 3 1650 19.00 19.80
H= 4 15.38 19.08 17.70
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Fig. 4: Noise level (mV?, 0-500 Hz) at the output of the sensing amplifier for the tests performed at 900 MHz (I&ft graph) and at 1800 MHz (right graph). The
noise level for the three tested PMKs are reported, for the 4 analyzed stages, and during basal conditions of the mobile phone (no emitted power, whitebers),
during ringing (light grey bars) and during talking (dark grey bars).

Figure 4 shows the results during basd (white bars),
ringing (light grey bars) and tdking (dak grey bars). Note
that the PMK with the block capacitor presents noise levels
higher than that with the ceramic capecitor and with the
filtered feedthru assembly during taking and ringing phases
both & 900 MHz and & 1800 MHz. In addition, & 900 Mhz,
noise leveds are dgnificantly higher than during 900 MHz.
Figure 5 shows the power spectral densties of the noise
during ringing (lft) and taking (right) a 900 MHz for the 3
PMKs, when inhibition signd amplitudeis set to OV.

For the PMK having only the block capacitor, we
observed asynchronous pacing when the PMK was inhibited
(inhibition dgnd amplitude 50% greater than the sensing
threshold) both in ringing and talking phases and both a 900
and 1800 MHz. When the inhibition signa amplitude was set
to OV, we had pulse inhibition and asynchronous pacing,
during ringing and talking, both a 900 MHz and 1800 MHz.

When inhibition sgnd is dightly grester than the sending
threshold, we had pacing both during ringing and taking, at
900 and 1800 MHz. Figure 6 shows the PMK input stage
sgna in this case The pacing could be to the asynchronous
EMI protection mode, or could due to a decrease of the
inhibition sgnad caused by the inteference with the 900 and
1800 MHz GSM signdl.

When inhibition signd amplitude is dightly lower than
the sensng threshold, we had asynchronous pecing during
ringing and taking a 900 MHz. At 1800 MHz, we did not
observe any interference.

The PMK with the ceramic cgpacitor did not exhibit any
interference when inhibition sgnd amplitude is 50% greeter
and dightly greater than the sendng threshold and when it is
OV. Although the noise levd a the output of the sensng
amplifier is higher during taking and ringing a& 900 MHz
than during basd conditions, we did not observed any

interference  phenomena when the inhibition signd amplitude
was both dightly lower or grester than the sensing threshold.
No interference effects have been observed a 1800 MHz.

The tests with the PMK having the filtered feedthru
assembly reveded no interference phenomena in none of the
4 vaues of theinhibition signd amplitude

IV. DISCUSSION
Although the improvements in PMK technology and
design, PMKs reman to some extent susceptible to

interference from externd sources of dectromagnetic energy.

Recently, a revolutionary filtered feedthru design has been
introduced, which prevents unwanted signds from entering
the PMK enclosure. Signds insde the PMK case could
essentidly overwhdm the internd  filter which blocks the
sgnds outdde the PMK's normad bandpass  Such
interference dgnd can thus be sensed. The filtered feedthru
prevents the undesred dgnds to access to the PMK
enclosure.

Our results show that the noise in the frequency band G500
Hz for the PMKs with the ceramic capacitor is much lower
than that observed for the PMK with the block capacitor only.
We can hypothesized that this noise is somehow demodulated
a the input stage of the PMK when the 900 MHz or 1800
MHz carriers are not filtered out by the block capacitor.

The ceramic capacitor, indead, guaratees an  higher
attenuation a these frequencies, and thus the demodulated
noise in the 0-500 Hz frequency band is no more detectable.

We dso found that the PMK with only the block capecitor
shows asynchronous pacing and inhibition, while the other
two PMKs do not intefere with the mobile phone, in any
stage and for any mobile Satus.
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Fig 5. Power spectral densities of the noise during ringing (left) and
talking righ(t)) at 900 MHz for the 3 PMKs, when inhibition signal
amplitude 1s OV

V. CONCLUSIONS
In this study we documented the superior peformances of
the filtered feedthru assembly for dectromagnetic immunity
of PMKs. We adso reported a possble mechanism explaining
the reduction of the noise at the output of the input PMK
stage in the band G500 Hz. Our results may aso be ussful for
gratifying the interference risk of PMK dready implanted.

ACKNOWLEDGMENT
This paper was partialy supported by the CNR-MURST
95/95 project.

REFERENCES

[1] V. Babao, P. Batdlini, A. Donao, C. Militdlo, G.
Altamura, F. Ammirai and M. Santini, “Do European GSM
mobile cdlular phones pose a potentid risk to pacemaker
patients?” Pacing Clin Electrophysiol, vol 18, pp. 1218
1224, 1995,
[21 D. L.
interaction,”
1405-6, 1996

Hayes, “Wirdess phones and pacemaker
Pacing Clin Eoectrophysol, vol. 19(10), pp.

vl
+1

-245 E .'

-2.50

-2.55

(s

Fig. 6. Block capacitor PMK input stage signal during talking (900 MHz)
when inhibition signal is slightly greater than the sensing threshold.

[3] R Caillo, B. Saunkesh, M. Pickds, E. Trad, C. Wyatt,
and D. Williams “Prdiminary obsarvation on cdlular
tdephones and pacemakers” Pacng Clin  Electrophysiol
1995; 18: 863.

[4 W. Imich, L. Baz, R. Mule, & a. “Elecdtromagnetic
interference of pacemakers by mobile phones” Pacing Clin
Electrophysiol, vol 19, pp. 1431-1446, 1996.

[5] V. Babao, P. Bartolini, A. Donao and C. Militelo,

“Electromegnetic  interference of andog cdlular  telephones
with pacemakers” Pacing Clin Electrophysol vol. 19(10),
pp. 1410-8, 1996

[6] B. Nowsk, S. Rosocha, C. Zdlerhoff, A. Liebrich, E.
Himmrich, T. Voigtlander and J. Meyer, “Is there a risk for
interaction between mobile phones and dngle lead VDD
pacemakers?” Pacing Clin Electrophysol, vol. 19(10), pp.
1447-50, 1996.

[7] P. B. Sparks, H. G. Mond, K. H. Joyner and M. P. Wood,
“The safety of digitd mobile cdlular telephones with minute
ventilation rae  adgptive  pacemakers”  Pacing  Clin
Electrophysial, vol. 19(10), pp. 1451-5, 1996

[8] A. Wilke, W. Grimm, R. Funck, B. Maisch, “Influence of

D-net  (European GSM-Standard) cdlular  phones on
pacemaker  function in 50 paients with permanent
pacemakers” Pacng Clin Electrophysol, vol. 19(10), pp.

1456-8, 1996.



	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


